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Abstract: Seamless, efficient transport intermodality is a key aspect of the transition of cities toward
sustainable mobility. The new “shared mobility hub” concept is increasingly gaining attention as
a potential way to make this urgently needed transition happen. The present paper aims to provide
an insightful view of the promising concept of shared mobility hub, initially by looking into the
existing literature on its definitions and how they are classified to form different typologies. Following
that, a new, flexible typology framework for shared mobility hubs is proposed. This is then applied
to several existing hubs in five different cities in The Netherlands (Amsterdam, Eindhoven and
Helmond), Spain (Sant Cugat de Vallés, Metropolitan Area of Barcelona), and Portugal (Lisbon). As
these countries have different shared mobility policies in place and their citizens have very different
mobility habits, we were able to reflect on how the proposed typology functions in varied contexts.
This paper contributes to the ongoing discussion of a very timely topic in Europe and worldwide,
which is the need for the deployment of a new generation of mobility hubs, with an emphasis on
shared mobility. We trust that the suggested typology can be useful to policy-makers, local authorities,
and transport and urban planners, as it can help with the conducting of a first effective screening
with regard to which type of hub is needed for each specific case.

Keywords: shared mobility; hub; cities; typology; framework; sustainable mobility; urban; transition

1. Introduction

The latest United Nations report on climate change released in April 2022 [1] leaves
no room for misinterpretation; the greenhouse gas emissions of the last decade have been
the highest that this planet has ever experienced, with cities being a major contributor to
this phenomenon. The report highlights that enhancing shared mobility, as part of broader
systemic changes to the way we live and move, can play a key role in the battle against
climate change. Cities are priority places for trying out different policy scenarios and
applying innovative concepts that can potentially contribute to the decline in car usage,
which is a step towards achieving zero-net emissions from transport in the years to come.
Limiting car use in cities has been identified as one of the most effective ways to diminish
greenhouse gas emissions [2].

Private car has unambiguously been a protagonist in the evolution of urban mobility
systems worldwide during the last decades [3,4], leading to not only a high volume of
emissions [5,6] and increased air pollution [7,8], but also other severe negative results
for cities and their inhabitants, such as immense levels of congestion [9,10], excessive
land occupation [11], urban fragmentation [12], noise [13] and visual pollution [14]. In
their attempt to reverse this trend, cities have begun to actively look for ways to achieve
a modal shift, while at the same time providing their citizens with easy access to more
sustainable modes, including shared (electric) mobility options [15,16]. Shared mobility
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can take several different forms, from car sharing [17,18] and bike sharing [19,20], services
that have already existed for years, to transportation network companies [21,22] and most
recently to the significant rise of shared micromobility, driven by e-scooters [23,24]. For an
overview of different shared mobility options see [25], and for an overview of the potential
impacts see [26].

Seamless, efficient intermodality is thus a key aspect of the transition of cities toward
sustainable mobility. The question that arises is: how can cities make this vital and ur-
gently needed transition happen in an effective way that will maximize the benefits for
citizens? The new “shared mobility hub” concept is increasingly gaining attention and
being considered as a potential robust answer to this question.

Mobility hubs can potentially contribute to eliminating private vehicle use in cities by
providing a variety of sustainable transport modes and mobility services, including shared
mobility options [27]. Therefore, it is essential to make sure there is an in-depth understand-
ing of what exactly the shared mobility hub concept entails. This has proven to be more
challenging than one could think at the outset. The reason is that, although the concept of
(multimodal) transportation hubs in its traditional interpretation (e.g., a train station that
has several bus stops and a metro station) has existed for decades and it already has well-
accepted definitions in the literature (e.g., see [28,29]), the shared mobility hub is a new,
emerging concept in cities all around the world which has recently risen in popularity
among policy-makers, city and transportation authorities, researchers, urban and trans-
port planners. It has also been noticed that an increasing number of EU-funded projects
are lately focusing on the concept of shared mobility hubs (e.g., SHARE North, e-Hubs,
SmartHubs (EIT), SmartHubs (JIP—Urban Europe)).

The present paper aims at providing an insightful view of the promising concept of
shared mobility hub, initially by looking into the existing literature on its definitions and
different types and how those are classified to form a typology. Following that, a new,
flexible typology framework for shared mobility hubs is proposed to fill in an identified
gap in the literature: the lack of a common approach in the European context on how to
categorize different hub types.

Under the objective of deciding how a shared mobility hub should be defined and how
different types of hubs can be classified, scientific literature has been reviewed, as well as so-
called grey literature—reports, white papers, news articles, blogs, and websites—because
there is so far no large volume of peer-reviewed scientific research that focuses on the
concept. It is important to highlight that the literature review in this paper includes only
hub-related material in which the existence of at least one shared mode is a pre-requisite;
hence, literature (scientific or grey) about multimodal hubs that do not necessarily contain
shared mobility options are not included in this paper. Moreover, only literature in the
English language was reviewed, therefore documents or guidelines written in national
languages (in countries such as The Netherlands this was found to be very often the case)
are not part of this analysis.

The remainder of the paper is structured as follows. In the next section, we discuss
the different existing definitions of shared mobility hubs, using a summary table and word
clouds to provide an overview of them, before proposing our definition. Following that,
Section 3 provides a thorough insight into existing mobility hub typologies, identifying the
various dimensions used worldwide to categorize hubs. Section 4 presents our proposed
typology. The dimensions selected to be included in it are discussed and the reasoning
behind this choice is explained. This is followed by some examples of existing shared
mobility hubs that can be representative of each proposed hub type. The paper ends with
some general conclusions and perspectives for future research.

2. Shared Mobility Hub: Definitions

An overview of different definitions that were selected from the literature review is
presented in Table 1. The references are in chronological order, from the oldest to the most
recent; the increasing trend in the number of papers on the topic is evident, and also the
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fact that “non-scientific publications” is the dominant type of publication for the reasons
discussed previously. Although the presence of shared mobility may not be eminent in the
hub definition they use, in all the definitions included in this table, the term “mobility hubs”
refers in reality to “shared mobility hubs”, i.e., hubs that include at least one shared mode.

Table 1. Selected definitions of shared mobility hubs in the existing literature.

. Source (Author(s) o
Definition and Year of Publication) Type of Publication

“A place of connectivity where different modes of transportation, from walking to
biking to riding transit, come together seamlessly and there is an intensive [30] Report
concentration of working, living, shopping and/or playing.”

“Mobility hubs are places where multiple rapid transit lines will intersect, where

various transportation modes are integrated, and where mixed-use intensification is

encouraged. Successful mobility hubs are a combination of elements that belong to [31] Presentation
three major categories: seamless mobility, enhanced placemaking, and

effective implementation.”

“Mobility hubs provide a focal point in the transportation network that seamlessly
integrates different modes of transportation, multi-modal supportive infrastructure,

and place-making strategies to create activity centers that maximize first mile/last (321 Report
mile connectivity.”

“Multimodal mobility hubs, commonly known as ‘Mobility Stations’ in Germany, are

multimodal transport nodes that facilitate intermodal transfers by providing different [33] Scientific article
mobility options nearby. Here public transport plays a central role usually in g

connection with an additional shared mobility service.”

“Mobility hubs are a small subset of TOD (Transit Oriented Development)” [34] Report
A place where different sustainable transportation modes are integrated seamlessly [35] Report
to help promote connectivity.” . P
“A mobility hub is a recognisable place with an offer of different and connected

transport modes supplemented with enhanced facilities and information features to [36] Report

both attract and benefit the traveler. Mobility hubs can be seen as an interface between
the transport network and the spatial structure of an area.”

“A place where various shared modes of transport are available, such that users can
easily use and switch between modes that best suit their mobility needs. A connection [37] Bachelor Thesis
with public transport is possible but is not a requirement.”

“A location where mobility options are intentionally linked to one another and to
amenities so that getting around Portland is made more convenient, seamless, and [38] Report
enjoyable for the purpose of advancing mobility, climate, and equity goals.”

“A network of locations with a gathering of amenities where mobility and public

transport are offered. Mobility hubs are not interchanges in this definition, but lively, [39] Magazine
pleasant places where you can find all facilities you would want to use. Not in Article

an unpleasant parking garage, but in a beautiful place you actually want to be.”

“A recognizable, physical place, where different context-driven functions and services

meet. These services benefit the neighbourhood and are mostly related to shared [40] Master’s Thesis

mobility (e.g., shared cars) A connection to public transport is desirable but depends
on the hub type.”

“A mobility hub is a physical place that integrates mobility functions and other
facilities that benefit the neighbourhood. By providing a variety of sustainable travel [41] Master’s Thesis
options and living facilities, the mobility hub facilitates residents’ travel and daily life.”

“A mobility hub is a recognisable and easily accessible place that integrates different
transport modes and supplements them with enhanced facilities, services, and

information aimed at encouraging more sustainable travel, creating a sense of place 421 Report
and improving journeys and travel choices.”

“Mobility hubs are agglomerations of transportation modes, like conventional public

transport and emerging shared mobility services in well-defined locations, which [43] Master’s Thesis

result to improved mobility for travelers. They aim at incentivizing travelers to use
different transport modes besides the individual motorized ones.”

“Mobility hubs offer on-demand travel options and supporting infrastructure that
enhances connections to high-quality transit services. They are designed to fulfil [44] Report
a variety of travel needs while strengthening the sense of place.”
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Table 1. Cont.

Definition

Source (Author(s)

and Year of Publication) Type of Publication

“A shared mobility hub is a location where multiple sustainable transport modes come

together at one place, providing a seamless connection between modes, offering,

besides public transport, several shared mobility options, but also potentially [45] Scientific article
including other amenities, ranging from retail, workplaces, to parcel pick-up points

like lockers.”

“Through node place integration, mobility hubs enable and promote multimodality (28]

Scientific article

and serve as activity opportunities in their own right.”

Table 1 shows that there are many different definitions of the concept of shared mobility
hubs; with a closer observation, however, one can see that there are often similarities,
overlaps, and the usage of some common terms and keywords among them. In order to
obtain a better understanding of which of these terms appear to be of the most critical
importance for defining a shared mobility hub, the data analysis and visualization technique
of word cloud was employed.

Word clouds can be used as a way to effectively assess qualitative data and as a method
to perform an initial screening of broad datasets that involve text [46]. The use of word
clouds, which has experienced an upward trend in recent years [47] make it easier to
identify common patterns across text and to recognize the words that are mentioned most
frequently [48]. The most commonly identified words are usually indicated by size and/or
(intensity of) colour. The word cloud technique was used, being aware of its limitations [49],
and of the fact that for an in-depth analysis, other approaches such as content analysis
could be more appropriate. However, this falls outside the scope of this work. The free
online word cloud generator tool “WordClouds.com” was used for the formation of word
clouds in this application. The word clouds that were created are presented in Figures 1-4.
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Figure 1. Word cloud formed by all definitions of Table 1.
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Figure 2. Word cloud formed by the definitions of Table 1 when the word “transport” is excluded
from the analysis.
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Figure 3. Word cloud formed by the definitions of Table 1 with a decreased number of words (by
excluding words of no importance for the definitions, such as connectors, propositions, common
verbs, adjectives, and also the word “transport”).
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Figure 4. Word cloud formed by the words included in the word cloud of Figure 3, after further

excluding the four dominant words: “place”, “modes”, “mobility”, and “travel”.

Initially, all definitions of Table 1 were entered in the generator, and the output is
presented in Figure 1. One can easily see that the result looks a bit confusing. This happens
because all words were used to form this cloud, including propositions, articles, connectors,
etc., which created a lot of “noise”. This can sometimes lead to confusion regarding which
are the key words that are repeated. Moreover, what we see is that the word that was
repeated more frequently in the various definitions was the word “transport”. This surely
is not a surprise, and it does not provide further insight; therefore, no important lessons
were learned in this first cloud. The next step was to first remove the word “transport”
and run the analysis again (Figure 2) to see which word of the remaining ones would
dominate. In Figure 2, we can see that “place” is now the most prominent word, which is
very interesting because it means that although mobility hubs are built to provide people
with transport options, the place that they create seems to be a significant component of
the hub as well, according to the definitions.

To limit the fuzziness of the first two word clouds and be able to reach more sub-
stantial conclusions regarding which terms are the most important in the hub definitions,
we followed a common strategy in cases where word clouds are used as a research in-
strument [46—48]; we excluded several words from the analysis, the ones that created the
background noise before (common connecting words and propositions, common verbs
etc.) and the new output is presented in Figure 3. In this figure, the dominant words might
have remained the same as the ones in Figure 2, but now one can pay more attention to
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more words that appear to be important, such as “integrated”, “provide”, “seamlessly”,
“together”, “connected”, and “enhance”.

For the last word cloud of Figure 4, we ran the analysis again with the same words
used to form the word cloud of Figure 3, but this time excluding the most obvious terms,
the words “place”, “modes”, “mobility” and “travel”. We can see that the result is more
balanced this time, so we can easily spot the remaining most commonly used words in the
definitions of a hub in the existing literature.

After reviewing all the definitions and taking into account the results of the applica-
tion of the word cloud technique, our suggested definition for a shared mobility hub is
the following:

A shared mobility hub is a place where different transport modes are integrated
seamlessly, promoting efficient and sustainable urban mobility. Emphasis is given on
shared mobility options such as bikes, scooters and cars. Connection with public transport
(transit) is desirable but not necessary. The integration between mobility suppliers is
important to provide a seamless, flexible connection at these transfer points. Ensuring
an enjoyable experience for travelers is a crucial part of the hub concept as well, and
therefore the hub should be considered not just as a transfer node but as a place where
a variety of services come together, such as logistics services or restaurants.

3. Existing Shared Mobility Hub Typologies

The lack of a common approach across different studies and reports is something
that can be noticed also regarding the hub typologies. The fact that shared mobility hubs
are an emerging concept, with a constantly increasing volume of literature worldwide,
but without a well-established line of research, leads to the existence of several different
approaches regarding how to define hub types. Most of them are based on case-specific
classifications, which means that the developed typology is tailored-made for the cities
or metropolitan areas in which the hubs are placed. There are thus different ways to
categorize mobility hubs, depending on the features one chooses to emphasize, and several
dimensions are usually taken into account. For an overview of all the different typologies
that were reviewed, see Table 2. The discussion that follows provides an analysis of
this overview.

Table 2. An overview of existing typologies for shared mobility hubs.

Main Dimension

Mobility Hub Types Focus (Area) Source

Urban Context

Large interchange/ city

Transport corridor, smaller interchanges/linking
Business park/new housing development
Suburbs/mini

Small market town/village

Tourism

UK [36]

Large interchange/ city

Transport corridor/linking

Key destination Scotland, UK [42]
Mini

Market town/village

Rural
Suburban UK [50]
Urban




Sustainability 2023, 15, 5222

7 of 30

Table 2. Cont.

Main Dimension

Mobility Hub Types

Focus (Area)

Source

Central (Toronto)

Urban transit nodes

Emerging urban growth centres
Historic urban town centres
Suburban transit nodes

Unique destinations

Greater Toronto and
Hamilton, Canada

(30]

Regional downtown
Urban district
Emerging urban district
Suburban/rural

Pulse

Opportunity

San Francisco Bay
Area, USA

[51]

Spatial scale

Interregional
Regional
e  Local/neighbourhood

The Netherlands, Belgium,

Germany, France, UK

e Neighbourhood
Central
° Regional

Los Angeles, USA

Residential
City
Regional

The Netherlands

Size

Major
Mid-sized
Minor
Mini

Portland, USA

[38]

Small
Medium
Large

USA

° Small
Medium
Large

Rhode Island, USA

Mini
Light
Medium
Large

Vancouver, Canada

Transportation function

Entry
. Transfer
Destination

Greater Toronto and

Hamilton area, Canada

[30,54]
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Table 2. Cont.

Main Dimension

Mobility Hub Types Focus (Area) Source

Role in the
transportation network

Gateway

Anchor Vancouver, Canada [35]

Gateway
Intersection Arlington, Virginia, USA [55]
Point

Combination
typologies

Neighbourhood
Business Bremen, Germany [40]
Transit

Micro

Street-scale
Neighbourhood-scale
City-scale

The Netherlands [56]

Established
Opportunity
Local

Greater Toronto and

Hamilton Area, Canada [54]

Neighbourhood
District
Regional
Private

Amsterdam, The Netherlands  [57]

As shown in Table 2, the main factor on which most of the examined typologies base
their categorization appears to be the urban context. This is followed by the size of the hub,
spatial scale, role in the transportation network, and transportation function. An interesting
finding is that in many typologies, whilst a main differentiating factor for categorizing hubs
is used (e.g., the location context), by taking a closer look into the different categories that
are suggested, one can see that this factor is often combined with others (e.g., with the size
of hubs). For instance, in typologies based mainly on the urban context, it is often seen that
some categories are defined only by size (e.g., mini hubs). Moreover, the key differentiating
factor in one typology might be used as one of the dimensions to describe the categories in
another typology. This means that, for example, in a typology based on the spatial scale,
urban context can still be used as one of the descriptive dimensions (e.g., see [45]).

There are also some combination typologies, i.e., typologies that are based on more
than one differentiating factor and look at multiple dimensions at the same time. In cases
where these typologies suggest different ways to categorize hubs based on different factors,
and this type of categorization has already been used in other reports, then the typology
is mentioned in each of these sections (e.g., the same document can be cited in the urban
context typologies and size typologies). In case the hub type combinations that are proposed
cannot be directly linked to any other identified category, then the typology is included in
the final section, namely “Combination typologies”.

3.1. Typologies Based on the Urban Context

The CoMoUK Study [36], conducted in the context of the EU Interreg North Sea
Region “SHARE-North” project, emphasizes the fact that there is no “magic bullet” solution
in terms of hub types, as local circumstances should be carefully considered before the
introduction of a hub in an area. However, the study suggests that taking into account
different components, possible combinations can be made that form a proposed typology,
which should be further adapted to the setting on a case-by-case basis. They propose the
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division of hubs into six large categories, based on the context in which they are located
and a combination of attributes under the perspective of some key components that have
to do with mobility, but also with non-mobility elements, such as the regeneration of the
urban environment around the hubs.

The first hub type according to them includes the large interchange/city hubs. These
hubs accommodate a large number of travelers and they are located close to a rail station
that offers not only regional but national connections as well. Local public transport
services and taxis can also be found at the hub, in addition to car sharing and bike sharing
options (both electric and non-electric). In terms of infrastructure, there is bike parking
and EV charging points as well as information provision such as ticketing and itineraries
in digital form. The waiting area in this type of hub is covered and safe, and the hub
provides opportunities for buying food and/or drinks and admiring some art exhibitions
by local artists. It should be noted that interchange in this case refers to connecting different
transport modes or/and lines and services and not to the same term as defined in the
geometric design of highways and streets. The second type is the transport corridors, which
are smaller interchanges/linking hubs. This type of hub, as indicated by its name, focuses
more on people transferring between modes, and therefore its objective is to facilitate the
first/last mile trips, providing more sustainable options. The rail connections found in the
proximity of this type of hub are of regional scale, and there are also lockers for receiving
packages. Very similar to this type of hub are the so-called business park/new housing
development hubs, but the infrastructure provision and the waiting space amenities are
more limited in this case.

When the location context is the suburbs, and there are no rail connections but only
local bus services, the CoMoUK study suggests introducing mini hubs with only carsharing
services and even fewer amenities in the waiting space. The remaining hub types are “small
market town”, “village hubs” and “tourism hubs”. In the last case, attention is paid to
including a larger range of ticketing options and integrated services. It is worth mentioning
that although the categorization of the CoMoUK Study typology is based on context, the
different hub types incorporate references to the hub size as well, as discussed above.

The Strategic Study for the South East of Scotland [42] that followed a year later used
the CoMoUK categorization as a basis and adapted it to the local setting of Scotland. This
categorization is again based on the urban context, taking into account factors such as the
trip generation magnitude of the hub. A difference between the two typologies is that
the SEStran one does not include the tourism hub type and replaces the business/new
housing development hub with the more inclusive category “key destinations”, which is
broader and can be extended, for instance, to hospitals, universities, stadiums, and other
facilities that attract a large number of visitors. Furthermore, the grouping of new housing
development context is different, as in the SEStran case it belongs to the mini hubs category.

Another classification with context as the core parameter in forming the different hub
categories and with the focus once again on the UK comes from a report by Arup and Go
Ahead [50]. In this report, three categories of hubs are presented: rural, suburban, and
urban. The rural type aims, among other objectives, at addressing the needs of vulnerable
segments of the population, such as children and the elderly, ensuring a safe space to wait
when transferring between modes, while at the same time providing opportunities for
socializing (for instance by including amenities such as a playground or/and a farmer’s
market). The suburban hub entails attributes that can facilitate the everyday life of its poten-
tial users, allowing them to spend creative time there, such as co-working spaces, while the
urban hub offers an even larger variety of mobility options, as well as community services.

With a focus on the Greater Toronto and Hamilton metropolitan areas in Canada,
Metrolinx [30] divided hubs into six categories, also based on the urban context in which
they can be located: central (Toronto), urban transit nodes, emerging urban growth centres,
historic suburban town centres, suburban transit nodes, and unique destinations. What
can be noticed in this categorization, which has Canada as its focal point, is that the role
of transit nodes is key, as two of the hub categories in the typology are characterized by
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the presence of a transit node. This is different from the two previous studies ([36,42]), the
emphasis of which was on cities in Europe.

In a report by the Metropolitan Transportation Commission [51] for the San Francisco
Bay area in the USA, six categories of hubs were identified: regional downtown, urban
district, emerging urban district, suburban/rural, pulse hubs, and opportunity hubs. Note
that although the choice of terms might differ, with a closer look one can see that this
categorization has many similarities with the ones presented previously that are also
based on the urban context. The two new terms that are introduced are “pulse hubs” and
“opportunity hubs”. Pulse hubs are defined as places that attract a large number of trips,
such as university campuses or airports. This definition is in line with the definition of “key
destinations” or “unique destinations” used in other typologies discussed above. As for
the term “opportunity hub”, it is used to describe a hub that can be built in an area that has
the potential to experience increased demand because of the existence of favourable factors
such as compact development, whereas the existing transport options are very limited.

3.2. Typologies Based on the Spatial Scale of the Hub (Influence Radius)

In the e-Hubs Digital Blueprint [52], three main types of hubs are identified based on
the spatial scale within which the hub is expected to have an impact: interregional, regional
and local/neighbourhood. The first one refers to hubs that accommodate a significant
volume of daily travelers and offer various transport options, both for long as well as short
distances. An essential element of this type of hub is the existence of a well-equipped area
where travelers can spend their time in between modal shifts while being protected from
adverse weather conditions. The regional hubs can be further divided into central and
peripheral—in the latter case, emphasis is given to the existence of park-and-ride facilities
to stimulate the switch from private vehicles to more sustainable mobility options. The
local /neighbourhood hubs rely more on offering low-impact options for first/last mile
connections. The City of Los Angeles and the LA Urban Design Studio [32] uses a similar
method to categorize the hubs into neighbourhood, central, and regional ones. The concept
of the neighbourhood hub is also the focus of the MSc thesis of van Rooij [58], who claims
that the scientific literature in particular for this small-scale type of hub is still very scarce
when compared to other types of larger-scale hubs.

In Blad et al. [45], the hubs are divided into residential, city, or regional ones, while
the urban context, the modes offered at the hub, the transportation function, and the
target groups of potential users are taken into account as dimensions in each one of these
categories. It is worthy of note that the category “residential” seems to be in line with
the “neighbourhood” category in other classifications. The main user target group of the
residential category is the inhabitants of the area, and the connection with existing public
transport options is not a pre-requisite for this hub type.

3.3. Typologies Based on the Size of the Hub

The Portland Bureau of Transportation Study [38] highlights the importance of the
size of the hub as the main differentiating factor among types, and proposes separating
the hubs into major, mid-sized, minor, and mini. A similar approach is followed by the
Shared Use Mobility Center [34] in which the hubs are divided into small, located in
high population density areas, medium, for medium density areas, and large, for lower
density areas. It is interesting to notice that the Rhode Island Transit Master Plan [53], also
focusing on hub size, proposes a classification from the opposite perspective: small hubs
for neighbourhoods, medium hubs for higher density areas, and large hubs for downtown
areas or the end of major transit lines. Therefore, in this approach, large hubs would be
located in high-density areas, contrary to the approach of the Shared Use Mobility Center.
Aono [35] categorizes the hubs into mini, light, medium, and large, ranging from at least
one shared mode in the first case to multiple options in the last one.
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3.4. Typologies Based on the Transportation Function

The Metrolinx report [30], which was already cited above for suggesting a typology
based on the urban context, also makes a distinction according to the transportation
function of the hub; it claims that a hub can function as an entry, transfer, or destination.
According to the report, if a hub experiences a large number of departing trips during
the morning rush hour, then this hub can be characterized as an entry hub, while, on the
other hand, when a hub has a large number of incoming trips at the same time, this makes
it a destination hub. This distinction in the aforementioned three types of hubs is also
included in the more recent updated report of Metrolinks [54].

3.5. Role of the Hub in the Transportation Network

Focusing on the Canadian context and with the objective of identifying best practices
for mobility hubs in the metropolitan area of Vancouver, Aono (2019) adds an additional
dimension to the urban context, transportation function, spatial scale, and size of the
hub: the role of the hub in the transportation network. He classifies hubs in: gateway,
referring to hubs located in big transit stations with many connections and transport modes,
and anchor hubs, which are located in areas with significant growth potential. The first
category is also used by Arlington County [55] in their report about developing mobility
hubs in Arlington, Virginia, USA. Two additional categories appear in this report. The
first one includes intersection hubs; as their name reveals, they are located where many
transit lines intersect and where there are various transfer options. Finally, there are point
hubs, for which proximity to transit is not necessary. These hubs operate mostly on the
neighbourhood level.

3.6. Combination Typologies

In the Master’s thesis of Koedood [40], who investigates the role of hubs as a social
connector in neighbourhoods with a focus on Bremen, Germany, three types of hubs are
introduced which are a combination of other types that we have seen in the previous
typologies: neighbourhood, business, and transit hubs. The neighbourhood hub serves as
the origin and destination of commute trips of local inhabitants, while the business hub
is used by employees or visitors of business centres, and that is why most of the times
its use is reduced significantly outside of working hours. The transit hub is usually at
city scale and serves a wider variety of users and multiple purposes. PosadMaxwan [56],
focusing on the Dutch context, differentiates hubs based on the number of shared mobility
vehicles they provide, the radius of the catchment area around them, their footprint, and
the available space per person in the hub (both measured in m?). This classification results
in four types of hubs: the micro hub, the street scale hub, the neighbourhood scale hub,
and the city-district scale hub.

In the revised Metrolinx report [54], a two-dimensional combined typology is pro-
posed, with one dimension being the transportation function (with the three classes: entry,
transfer, and destination) mentioned above, and the new dimension being the urban char-
acter. According to the authors of the report, based on its urban character, a hub can be
“established”, “priority” or “local”. Established hubs are existing hubs that are already
considered successful and have fulfilled their objectives (e.g., they have reached a minimum
demand level). Priority hubs are those which have yet to fulfil their full potential, but
are getting there, whereas local hubs are hubs for which trip generation will never be the
main objective; they will act as reference points for a community or neighbourhood, so the
focus when planning such a hub should be more on the non-mobility services offered at
the hub location.

The City of Amsterdam [57], in their report Amsterdam back to the future: more space for
living through hubs, distinguishes five types of hubs, four of which are based on the spatial
scale: neighbourhood, district, city, and regional; the fifth type is the private hub, and this
is what makes the typology belong to the combined category. This last type refers to hubs
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located on private property (e.g., apartment/company parking spaces), which can be run
either by the owners of the property, the users themselves, or different cooperatives [59].

3.7. Classification of Hubs from a Network Perspective

Some works approach shared mobility hubs from a network perspective. Posad
Maxwan [56], investigated whether optimising a network of mobility hubs can contribute
to higher walkability levels in a city, dividing the hubs into four types (neighbourhood,
district, transfer, and public transport) that can each be either large, medium, small, or extra
small. Coenegrachts et al. [60], examined different scenarios for business model blueprints
for shared mobility hubs and identified the following different types of hub networks:
first/last mile network, clustered network, point-of-interest (POI) network, hybrid network,
and closed network.

Focusing on fist/last mile trips, the first type of hub network aims at providing more
sustainable options to public transport users by integrating hubs within the existing public
transport network. A clustered network refers to the attempt of creating clusters of shared
modes in decentralized areas where the supply of such services is quite low in order to
motivate the residents to switch from private cars to shared mobility. The next type of
network comprises hubs that connect several POIs of a city, making it easier and more
appealing for travelers to visit them, while at the same time decreasing the space allocated
to parking around the locations. Hubs that combine docked shared mobility services and
free-floating ones can form a so-called hybrid network, while if a subscription is needed to
access the shared mobility services (e.g., when the hubs are located within a business park),
we are talking about a closed hub network [60].

4. Proposed Shared Mobility Hub Typology

In the previous section (Section 3), we reviewed and discussed various typologies
suggested in studies and reports, and the dimensions that are being used by these ty-
pologies. Following that, we selected from them the dimensions that are more suitable
for the European context. When required, we adapted the categories under each one of
the dimensions and also added a new dimension. Our own proposed typology matrix is
presented in Table 3.

Table 3. Proposed shared mobility hub typology framework.

Hub Type/Urban Context

Key (Standalone)
Destination

City Centre ~ Suburban  Emerging Urban Growth Centre Historic Centre

Transportation function
Origin/Destination
Transfer

Mobility spatial scale
Neighbourhood

City

Region

Shared mobility services
Mini

Light

Medium

Large

% ® X X
b
»

Proximity to public transport
Yes
No (not necessarily)
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As presented in Table 3, our proposed typology for shared mobility hubs consists of
five hub types. Each type is a synthesis of the following five different dimensions: urban
context, transportation function, mobility spatial scale, shared mobility services offered
at the hub, and proximity to public transport, with the urban context being the main
dimension that gives each hub type its name. The crosses in each one of the remaining
four dimensions mean that the hub can belong to any of these categories. Belonging to one
or the other category (e.g., mini or light hub) does not alternate the hub type, defined by
the main dimension.

4.1. Dimensions for the Proposed Typology
4.1.1. Urban Context: Main Dimension

The urban context is considered the main (and only fixed) dimension; we have seen
that it is the dimension most commonly used to differentiate hub types in most of the hub
typologies we reviewed. Many researchers have already explored the connection between
the urban form and travel behaviour [61]. Factors related to the urban environment are
associated with the levels of accessibility by active modes in cities [62]. There is also a whole
line of established research in the area of urban planning called space syntax, investigating
how the movement of pedestrians is related to the urban layout of an area, and how this
can be used for prediction purposes (e.g., see [63,64]). Moreover, in Section 2 it was shown
that in most definitions of mobility hubs in the existing literature (including our proposed
definition), urban space is a strong component. Based therefore on the unambiguous fact
that the urban context is of critical importance when it comes to classifying mobility hubs,
we use it as the key dimension for classification in the presented typology.

The five categories of urban context that were used are the following: city centre,
emerging urban growth centre, historic centre, and suburban, or key (standalone) destina-
tion. This does not mean that there will only be one type of city centre hub; for example, it
means that if it is a city centre hub then it cannot be a historic centre hub, since the categories
are mutually exclusive. Shared mobility hubs can be categorized under this dimension into
five types, which were mainly inspired by the ones used in Metrolinx report for the Greater
Toronto and Hamilton area [30] and the Translink Report for Metro Vancouver [35], which
is discussed in Section 3. Three of the categories (city centre, suburban, unique destination)
are also seen in variations of the European typologies (e.g., [36]). The emerging urban
growth centre and the historic centre were included for the first time, to the best of our
knowledge, in a typology that focuses on European cities. With this choice, we attempt
to highlight that these two urban context categories are very commonly encountered in
European cities as well, and their special attributes and defining characteristics require
attention when planning the introduction of a shared mobility hub there. An explanation
of each one of the categories that belong to this dimension follows.

City Centre

“City centre” in our proposed typology refers to compact urban areas with high
density that attract a large number of travelers and activities and have an existing multi-
modal environment, mixed land uses, and usually have limited room for further land
development (e.g., see [65]). Density is perceived as a critical figure in urban planning, as it
can provide insight into the way cities operate and evolve; it can refer to floor area ratio,
residential density, or population density [66]. No exact range is given for the density, and
this is done purposefully, as it depends on the overall scale of the city. For instance, the
area near the Amsterdam central train station in the city of Amsterdam, in The Netherlands
(Figure 5a), is a good example of the city centre urban context, and so is the area around
the King Cross St. Pancras train station in London, UK (Figure 5b). Other examples exist,
such as the area around Syntagma square in Athens, Greece, and the area surrounding
Plaga de Catalunya in Barcelona, Spain, although these four cities have different scales
and densities.
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Figure 5. (a) The area around Amsterdam Central station, Amsterdam, the Netherlands. Photo by
Shinjan Bhattacharya on Unsplash; (b) The area around King Cross St. Pancras station, London, UK.
Photo by Eranjan on Unsplash.

Suburban

The term “suburban” can have a wide interpretation and include several different
concepts. According to a study titled “Defining suburbs: How definitions shape the subur-
ban landscape [67] published recently by the Harvard Joint Center for Housing Studies,
“Suburban definitions vary widely in terms of their content, their concepts of boundaries,
and their methods of drawing relationships between cities and suburbs”. For instance,
Kubes and Oufednicek [68] have categorized suburbs into the following sub-categories:
semi-suburbs, suburbs, small suburban towns, and exurbs. They also highlight that in
addition to the residential function, which is usually the predominant one, service function
and recreational function are also met in some of these types.

In the proposed typology, the term suburban describes areas outside the core of
the main city, and can either refer to areas that can accommodate a large number of
commuters or/and leisure travelers to/from the main city (e.g., the so-called satellite-
cities, or business parks/shopping centres that are located outside the city centre and have
park-and-ride facilities), or to any other area that is not in the core of the city, such as
residential areas/business areas. In the Netherlands, an example would be the residential
neighbourhood of Voorhof, outside the city centre of Delft and the area around Kralingse
Zoom in Rotterdam, where a large park-and-ride is located.

Emerging Urban Growth Centre

Emerging urban growth centres include areas that have more unbuilt land available
and thus more potential for development. These could include new-built areas or areas
where renovation and urban renewal are taking place (through, for instance, new infras-
tructure projects or the opening of attractive land uses, namely museums, theatres, cinemas,
shops restaurants, and bars, e.g., new “hipster” city neighbourhoods) (e.g., see [69-71]).
In The Netherlands, an example would be the neighbourhood of Rotterdam Zuid (in the
southern part of the city), where redevelopment projects are taking place and this has
started to transform the area, attract a larger number of trips, and redefine the area’s charac-
ter. Other examples in Europe include the Navigli canal area in Milan, Italy, and the Gkazi
neighbourhood in Athens, Greece.

Historic Centre

Historic centres are the core of many cities in Europe, comprising a variety of his-
toric buildings and heritage sites, and gathering cultural and economic activity [72].
They are usually areas with lower population density, mixed uses, and walkable ar-
eas (e.g., an existing extensive network of pedestrianized streets/shared space/traffic
calming measures). There is often limited room for further development, and special
rules/regulations could apply (such as protected buildings/landmarks). Historic centres
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very often show high touristic interest. Europe provides a rich variety of examples of cities
with such centres (for an overview of the current state see the working paper European
Historic Urban Areas—State of Play by van Twuijver [73]), to name just a few: Delft, The
Netherlands; Florence, Italy; Warsaw, Poland (Figure 6a); Bremen, Germany (Figure 6b);
and Vienna, Austria.

Figure 6. (a) The historic centre of the city of Warsaw, Poland. Image by andrzej_b from Pixabay;
(b) The historic centre of the city of Bremen, Germany, with an extensive network of pedestrianized
areas and shared space with public transport. Image by Marina Zabawa from Pixabay.

Key (Standalone) Destination

The last category of the urban context dimension is the key (standalone) destinations.
These are areas that attract and generate a large volume of trips and activities, due to
the fact that the main attraction is located there (e.g., a stadium, a university campus, or
a popular park). The attraction gives the area its character (people rarely go there for other
reasons than visiting this specific place). Examples include Van Nelle Fabriek in Rotterdam
and the Keukenhof flower park, both in the Netherlands; the Arsenal stadium in London,
UK, and the University Campus of Democritus University of Thrace, outside the city centre
of Xanthi, Greece.

4.1.2. Transportation Function

The next dimension in our proposed typology framework is the transportation func-
tion, which can be origin/destination or transfer. The former describes hubs that are placed
in areas that generate or/and receive trips and which mainly serve as the start or/and
end point of a trip, while the second type of hub might be the origin/destination for some
travelers, but the majority of trips that take place with the aim of transferring to another
location. The transfer function requires the existence of public transport station(s) or a park
and ride area, while the previous function of origin/destination does not require such
facilities. In the real world, rarely is a hub used only as a transfer point, as it can be the
destination/origin of some travelers, and therefore some of our suggested hub types can
belong to both categories.

4.1.3. Mobility Spatial Scale

The mobility spatial scale is another essential aspect to take into consideration when
designing a typology for shared mobility hubs; as discussed in Section 3, many of the
existing typologies use this as the sole dimension or combine it with others. In the case of
the typology proposed herein, this distinction has to do with the “buffer-zone/catchment
area” of the hub, so it is significantly related to the target users, which is why the term
mobility is added to the name of the category. If the aim is to address the needs of one (or
a few) neighbourhoods, then the scale of the hub is the neighbourhood. If the catchment
area of the hub is the whole city, then naturally it belongs to the sub-category “city”, and in
case the hub aims to serve an area that exceeds the city limits, a larger region/the whole
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metropolitan area, the sub-category “region” is the most representative. Again, these
categories are not mutually exclusive, as there could be hubs that act both at the regional
and city levels, for example.

4.1.4. Shared Mobility Services Offered at the Hub

The number of shared modes/services available at the hub place it in one of the
following categories: mini, light, medium, or large [35]. A mini hub, as the term implies,
is a very small-scale hub where a minimum of one shared transport mode is offered. If at
least two shared mobility options exist already, often with the prospect of expansion, then
the hub can be characterized as light. In a medium shared mobility hub, a variety of shared
mobility services is offered, which usually requires more space and physical integration.
Large shared mobility hubs offer all the shared modes available in the city, and the target
user groups usually include both residents and visitors/tourists.

4.1.5. Proximity to Public Transport

The fifth and last dimension that completes the proposed typology table is the proxim-
ity to public transport. This dimension examines whether multi-modality and connection
with public transport (usually rail or metro stations) is a key for the hub. In any other
case, the hub can be close to public transport stations/stops, but this is not one of the key
attributes of the hub (a “make-or-break” criterion).

4.2. Strengths of the Proposed Shared Mobility Hub Typology

The novel aspect of our proposed typology framework is that except for the main fixed
dimension (the urban context), regarding the other four dimensions, the hub can belong
to one of the categories, depending on the case, such as the number of mobility services
offered at the hub make it belong to the mini, light, medium or large category, but this
does not mean that a city centre hub has to necessarily be of a specific size. The reason
is that, in real-life examples, we have seen that the other dimensions depend on various
factors, including the size of the city and when the hub started operating. For instance, it
might also be the case that a hub starts in a city centre as light, and moves further up as it
expands and accommodates more shared mobility modes. All the possible combinations
that define the suggested hub types are shown in Table 3, with crosses for each hub type in
the categories of the five dimensions.

For instance, a suburban hub can either operate on a neighbourhood or on a regional
scale, based on the definition of suburb; as discussed previously, we encompass in our
definition both the satellite cities that act as suburbs for a larger city in the area (in that case
the hub would have a regional impact), and areas within a city that are outside the city
centre (in that case the hub can have more of a neighbourhood impact).

5. Applying the Proposed Typology to Existing Hubs

For this section, we applied the typology classification to some examples of shared
mobility hubs that were developed in the context of the project SmartHubs (funded by
the KIC on Urban mobility, part of the EIT). We tried to place these hubs in the proposed
typology to see if and how they would fit, in order to validate our approach. In this section,
these examples are presented. The hubs that are going to be discussed are located in the
following cities: Amsterdam, Eindhoven, and Helmond in The Netherlands, Sant Cugat de
Valles (Metropolitan Area of Barcelona) in Spain, and Lisbon in Portugal.

5.1. Hubs in Amsterdam, The Netherlands

In the city of Amsterdam, The Netherlands, two different shared mobility hubs were
developed during the project SmartHubs. One of them is located in the parking area of
a private hotel (The Social Hub Amsterdam City—former Student Hotel), and the other one
at Marineterrein, an area where innovation living labs are taking place (more information
about this area will follow in the specific section) (Figure 7).
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Figure 7. Location of the two hubs in Amsterdam, highlighted with red on Google Maps. The
Social Hub Amsterdam City (former Student Hotel) hub is located at the following geographical
coordinates (in DD) 52.35460, 4.91293, and the Marineterrein Amsterdam hub is located at the
following geographical coordinates (in DD) 52.37262, 4.91781.

5.1.1. Hub at the Social Hub Amsterdam City (Former Student Hotel Amsterdam)
General Information

This hub is located at the parking lot next to the Social Hub Amsterdam City (former
Student Hotel Amsterdam) in the city of Amsterdam, within 100 m walking distance
from/to the metro station Wibautstraat, from which three lines of the metro network of
the city pass. It started its operation in 2021. The services offered at the hub include bike
sharing and e-bikes, as well as (e) car and cargo bikes. Potential user groups are mainly
the residents of the Student Hotel (mostly students on short-term accommodation) and
residents of the neighbourhood and secondary visitors of the area (Figure 8a,b) [74].

Figure 8. (a,b) Users of the hub at the Social Hub Amsterdam (Former Student Hotel). Photos are
from the SmartHubs EIT project (Official Instagram page).
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Application of the Proposed Typology

The main dimension of our proposed typology is the urban context. As can be seen in
the map of Figure 7, this hub is located at the edge of the main core of the city centre of
Amsterdam, and therefore we can say that it falls well into a transition area that comprises
part of the city centre category and part of the definition of suburban areas that was
discussed in Section 4.1 of this paper. As the main target users include students who
temporarily reside at the hotel, it can be argued that the main transportation function of the
hub is origin/destination, as it is assumed that the students will use the hotel as their base
and will make use of the shared services offered at the hub to travel to different activities
and destinations and then go back to the hotel. The same can be said for the residents
of the area, as they will start or end their trip at the hub. The hub also aims to capture
some visitors of the area, but as this is a secondary target group, we can safely assume that
even when they enter the equation the main transportation function of the hub will remain
“origin/destination”. Even if some of the travelers use the hub as a transfer location to
switch modes, this will not occur with a large number of travelers, as the hub is not located
in the proximity of a rail station or a major metro stop/interchange of the public transport
network of Amsterdam.

In order to determine to which category of mobility spatial scale this hub belongs, we
used aggregated data, provided by the mobility operator of the hub (the company Hely),
on the addresses that the users of the hub have registered as their home address on the
shared mobility app. As Figure 9 shows, the majority of users have registered a home
address somewhere in the neighbourhood of the hub, and the data dispersion shows that
the influence radius of the hub is not the whole city or region. Therefore, according to our
proposed typology, the mobility spatial scale of the hub is the neighbourhood. Given the
fact that at least three different shared modes are offered at the hub, size wise it belongs
to the medium category of our proposed typology. While it is close to a metro station,
we cannot say that this is a “make-or-break” criterion for the hub, as we discussed that
its main transportation function is origin/destination and the mobility spatial scale of it
is the neighbourhood. This is in line with the last dimension of our proposed typology
for suburban hubs, because, as we discussed previously in Section 4.1.5 of the paper, the
proximity to public transport is usually not of significant importance for the hub.

Figure 9. Home addresses of the users of the hub near the former Student Hotel Amsterdam [74].
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5.1.2. Hub at the Marineterrein
General Information

This hub is located within the Marineterrein in Amsterdam, an area that was a shipyard
in the 17th century. Currently, many living labs are taking place by several organisations,
using art, science, and technology to achieve sustainability goals; it is generally an area
where innovation is tested in practice [75]. The hub opened in 2022. Currently, two shared
modes are available there: e-bikes and cargo e-bikes. There are also charging facilities for
private e-bikes. There is a bus stop in close proximity, and Amsterdam central station (the
main train station of the city) and two metro stations are within a radius of about 1.5 km.

Application of the Proposed Typology

The Marineterrein area as described above fits very well into the description of the ur-
ban context category “emerging urban growth centre”, which was discussed in Section 4.1.1.
According to the shared mobility operator responsible for the shared mobility services
offered at the hub (as in the case of the other Amsterdam hub, the company Hely), the
main users of the hub include employees working within the Marineterrein, or people who
live or work in the proximityof it. Many of them take advantage of the fact that within the
shared mobility app there is an option to book a shared e-bike for a specific day and time.
This provides them with the certainty that an e-bike will be available when they need it,
and this and increases the trustworthiness of the hub. Similarly to the other Amsterdam
hub, it can be argued that as the majority of users live or work in the neighbourhood, the
main transportation function of the hub is origin/destination, and the mobility spatial
scale of it is the neighbourhood. The latter can also be indicated by the name that has
been given to it: “Buurthub”, (Figure 10) which means Neighbourhood hub. In terms of
size, this hub belongs to the light category, as there are only two shared modes available
there. The hub can easily be reached by public transport, and it is closer to the central
train station of Amsterdam, compared to the other Amsterdam hub, but we still do not
see this as having a major influence on the usage of the hub itself (with travelers using it
as a transfer point or with it having an impact that reaches the city level). Hence, we can
argue that the proximity to public transport does not have a significant impact on the hub,
as it is usually the case with the hubs located at emerging growth urban centres, according
to our proposed typology.

Figure 10. Buurthub (in Dutch: Neighbourhoud hub) in the Marineterrein, Amsterdam, The Netherlands.
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5.2. Hub in Brandevoort, Helmond Municipality, The Netherlands
5.2.1. General Information

This hub is located outside the Brandevoort train station, in the residential area of Brande-
voort, a suburb of the city of Helmond in the southeastern part of The Netherlands (Figure 11).
It opened in 2021 and includes e-car sharing (Figure 12a) and e-cargo bikes (Figure 12b). The
target users of the hub are mainly families living in the neighbourhood [74].
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Figure 11. Location of the hub in Brandevoort, Helmond municipality, highlighted with red on
Google Maps. Its geographical coordinates (in DD) are 51.46308, 5.60904.

(b)

Figure 12. Hub located outside the train station of Helmond Brandevoort offering (a) shared

electric cars and (b) shared cargo e-bikes. Photos are from the SmartHubs EIT project (Official
Instagram page).

5.2.2. Application of the Proposed Typology

Regarding the urban context dimension of the proposed typology, as Brandevoort
is a suburban area of the city of Helmond, the hub belongs to the suburban category. In
order to decide its transportation function as well as mobility spatial scale, we looked at
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the aggregated data of the users of the hub that the shared mobility provider (Hely) has
made available. According to them, all users live within less than 2 km from the hub, with
the majority of them living within an 800 m radius of it [74]. This indicates that the hub
serves as the origin or/and destination of the trips and does not seem to have a transfer
function. Furthermore, it leads to the conclusion that the mobility spatial scale of the hub is
the neighbourhood, as we do not see citizens living further away (e.g., in Helmond) using
the hub so far. In terms of size, with two shared mobility services, the hub falls into the
category of “light hub”. Although it is located just outside a train station, we do not see this
influencing the function of the hub, as so far no multi-modal trips were recorded based on
the data of the first years of operation [74]. Hence, for the last dimension of the proposed
typology, the connection to public transport is also, in this case, not a necessity.

5.3. Hub in Eindhoven, The Netherlands
5.3.1. General Information

This hub is located on the outskirts of the city of Eindhoven, at a new large park and
ride facility (P + R Genneper Parken) (Figures 13 and 14) next to a business and a cultural
and sports centre, generating a significant number of trips. It opened in 2021 and provides
shared bikes and e-bikes and free-floating shared mobility options as well (e-moped and
e-bike). Eindhoven Municipality, with the creation of this hub, aims to motivate visitors
to park at the edge of the city and continue their trip to the city centre using a sustainable
(shared) mode. It also has infrastructure for e-vehicle charging [74]. The hub is located next
to a high-occupancy vehicle (HOV) bus line, which offers a high-quality and frequency bus
connection directly to the city centre of Eindhoven [76].
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Figure 13. Location of the hub in Eindhoven, highlighted with red, from Google Maps. Its geographi-
cal coordinates (in DD) are 51.40853, 5.48024.

5.3.2. Application of the Proposed Typology

The hub is located on the outskirts of the city of Eindhoven, and therefore the category
of the urban context dimension of our proposed typology that better fits the description,
in this case, is the suburban hub. Most of the users will go to the hub because there is
a P + R there, to switch modes, or because they are working at or visiting the Municipal
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Health Services (GGD), the Van der Valk Hotel, or are making use of the sporting and
cultural facilities of the Genneper Parken [74]. As for the transportation function, the City
of Eindhoven representatives estimate that the hub accommodates 80% transfer trips and
20% origin/destination ones [76], so the main function of the hub is transfer. It is interesting
to note that in the case of P + R facilities, the destination itself encompasses the transfer
component. The hub’s primary target audience is regional traffic from the south of The
Netherlands heading into the city centre of Eindhoven [76]. Therefore, the mobility spatial
scale of the hub is the region in this case. Regarding the last dimension of our proposed
typology, the proximity to public transport, in this case we do not have proximity to rail but
rather to an HOV bus line, which can influence the use of the hub, promoting multi-modal
trips and motivating travelers to possibly use the shared modes offered at the hub as
a solution for first/last mile trips. In our proposed typology, proximity to public transport
does not necessarily play a significant role in this type of hub.

Figure 14. The P + R Genneper Parken in Eindhoven (the photo is from the SmartHubs EIT project)
(Official Instagram page).

5.4. Hub in Sant Cugat de Vallés, Metropolitan Area of Barcelona, Spain
5.4.1. General Information

This hub opened in 2021 and is located at the train station of Mira-Sol in the Munici-
pality of Sant Cugat de Valles, in the Metropolitan Area of Barcelona, Spain (Figure 15). It is
a rapidly growing municipality with a population of approximately 91,000 inhabitants [74].
The only available shared mode at the hub (2022) is cargo shared e-bikes (Figure 16a,b), but
there are plans to expand the hub to at least include shared bikes as an additional shared
mode. Furthermore, extensive private parking facilities have been added to the hub, as
well as facilities for charging electric bikes, a repair desk, and an inflator [74]. The objective
of this hub is twofold: first, it aims to increase the use of cargo e-bikes by the residents, and
second, to facilitate the first/last mile trips of travelers to and from Barcelona [77].
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Figure 15. Location of the hub at Mira-Sol train station at Sant Cugat de Valles, highlighted with red
on Google Maps, in relation to the city of Barcelona, Spain. Its geographical coordinates (in DD) are
41.46940, 2.06134.
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Figure 16. (a,b) Hub located at the train station of Mira-Sol, Metropolitan Area of Barcelona, Spain
which started as a mini-hub, offering only shared cargo e-bikes. Photos are from the SmartHubs EIT
project (Official Instagram page).

5.4.2. Application of the Proposed Typology

The hub belongs to the suburban type, as Sant Cugat is mainly residential, and is
considered a satellite city of Barcelona, with a large number of commuters travelling to
and from Barcelona every day. In addition, the International University of Catalonia has
a campus there which acts as a large trip generator. Therefore, it has a dual transporta-
tion function: transfer as well as origin/destination. Moreover, the hub can at the same
time have a regional mobility spatial scale, concerning the trips to/from Barcelona, or
a neighbourhood one, with respect to Sant Cugat. As the hub includes only a shared mode,
it belongs to the mini hub category in terms of size. The proximity to public transport (rail
station of Mira Sol) in this case plays an important role in the overall function of the hub,
although according to our proposed typology, this is not always the case in suburban hubs.
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5.5. Hub in Lisbon, Portugal
5.5.1. General Information

Lisbon has an established bike sharing system called GIRA, with 139 stations (as of
October 2022), providing regular and e-bikes. For the SmartHubs project, a hub was created
at GIRA docking station no. 550, located in the Lumiar district. The site has a metro station
in its proximity and it is next to one of the city’s main bus terminals, the Campo Grande
terminal (Figure 17). This terminal serves as an entry point for daily commuters from the
North and West of the metropolitan area of Lisbon [74]. EMEL (In Portuguese, Empresa
Municipal de Mobilidade e Estacionamento de Lisboa (Lisbon Municipal Mobility and
Parking Company)) plans to expand the hub by adding new mobility services and other
value-added services based on the results of a co-creation process with citizens which took
place in 2022 [74]. The hub offers both regular bikes and e-bikes (Figure 18a,b).
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Figure 17. Location of the hub next to the Terminal Campo Grande in Lisbon, highlighted with red
on Google Maps, with the geographical coordinates of (in DD) 38.75962, —9.15990.

Figure 18. (a,b) Hub located next to the Campo Grande Bus Terminal in Lisbon, Portugal, which provides
bike and e-bike sharing. Photos are from the SmartHubs EIT project (Official Instagram page).

5.5.2. Application of the Proposed Typology

As with the first hub in Amsterdam that we discussed previously, the hub is located in
the transition area between the main core of the city centre of Lisbon and the region just
outside of it, and therefore it can be placed at the borderline between the city centre and
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the suburban category concerning urban context. As discussed above, it is located next to
one of the principal bus terminals of the city, which sees a large number of commuters on
a daily basis. That makes it have mainly a transfer function, as citizens are expected to use
the hub as part of a multi-modal trip that includes bus, (e) bike, and possibly other modes
as well. Alternatively, the bikes can be used as a first/last mile mode to/from the bus
terminal. Data from the GIRA-shared bikes show that in 2022 the average trip in an e-bike
from the hub lasted 15 min and had a distance of approximately 2.8 km, while the same
figures for a trip with a regular bike were 11 min and 1.8 km, respectively [74]. Moreover,
the great majority (85.7%) of the users are travelling to and from the city of Lisbon, with
almost 32% living in Lumiar, the neighbourhood where the mobility hub is located, and
approximately 16% in Alvalade, a nearby neighbourhood. Two municipalities located in
the North of Lisbon metropolitan area with public transport connections to the Campo
Grande station, namely Loures and Odivelas, appear to be the place of residence of some
of the travelers as well (about 5%) [74].

Regarding the mobility spatial scale, the length of the trips made by users of the hub,
especially the ones made by e-bike, shows that they reach destinations outside the neigh-
bourhood of Lumiar, although they are not long enough for us to safely assume that the
hub has a mobility spatial scale that goes beyond the neighbourhood and reaches the city
level. However, if we take into account the connection with Campo Grande Terminal and
the multi-modal trips that are taking place, we could also say that the mobility spatial scale
of the hub is the region. As there are two shared modes available at the hub, it is a light hub.
Figure 18a,b shows that some users of the free-floating e-scooters that operate in the city of
Lisbon park their e-scooters near the bike parking location, but as this is done spontaneously
by the users and the hub itself does not provide specific parking places for e-scooters, at
least at the moment (2022) (According to a new agreement (January 2023) between the City
Council of Lisbon and the five e-scooter companies that operate in the city, the e-scooters
should have specific hotspots in the city where they can be parked, otherwise their users
will not be able to complete their trips (Source: https:/ /www.theportugalnews.com/news/
2023-01-10/lisbon-clamps-down-on-scooters /73685) (accessed on 5 February 2023)), the
e-scooters cannot be considered part of the mobility hub. The proximity to public (re-
gional) transport has an important role in this case, as the large bus terminal generates
multi-modal trips.

It is interesting to note that in Lisbon there are also GIRA shared bike stations (that
can be considered mini hubs with just one shared mode) that are located in the transition
area of two other urban context categories: the city centre and the historic city centre, and
also that there are areas that have a mix of both characters.

5.6. Reflection on the Application of the Proposed Typology to the Different Hubs

In this section, we discuss how our proposed typology for shared mobility hubs can
be applied to different hubs that were created in the context of the SmartHubs project,
funded by the EIT Urban Mobility-KIC. We focused on six different shared mobility hubs
located in five different cities in three countries. The selected cities were of very different
scale and size, ranging from Amsterdam and Lisbon, the capital cities of The Netherlands
and Portugal, to a small city in the metropolitan area of Barcelona in Spain. Moreover,
the three participating countries have different shared mobility policies in place, and their
citizens have very different mobility habits. For instance, in The Netherlands, there is
a well-established bike culture for commuting and leisure trips that has existed for decades,
while the same cannot be said for Portugal or most cities in Spain, where the shift to more
sustainable modes of transportation has been more recent. Other factors that have to do
with the geomorphology of the area differentiate the case studies as well, e.g., the flat
Dutch cities in comparison to hilly Lisbon. We therefore, think that we managed to have
a sufficiently diverse selection of example cases to test how our proposed typology could
be applied to different hubs.
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It was shown that most of the examined hubs belong to the suburban category of the
urban context. This did not come as a surprise to us, because as discussed in Section 4,
according to urban planning literature, the suburban context is the one with the most
widespread definition of all the categories, as it can include many different concepts: from
satellite cities to residential neighbourhoods outside the main core of the city centre. In
addition to suburban hubs, we also discussed hubs that are located in the transition area
between what is considered suburban and the city centre, and also a hub that belongs to
the emerging urban growth centre category. It was also shown that the two hub types are
not represented in the project SmartHubs, and these are the key (standalone) destination
and the historic centre one. Although there are cities in this project that have historic city
centres (e.g., Lisbon), they have decided to locate the hubs in different areas.

We can conclude that the application of the proposed typology took place without
revealing any major flaws in it, as we were able to classify all hubs in one of the given
categories, in all the proposed dimensions. An interesting insight that emerged from the
discussion is that often a hub does not belong to strictly one category of urban context, but
is rather located in a transition zone between two categories, such as in the case of the hubs
in Amsterdam and Lisbon. As for the dimensions of mobility spatial scale and size of the
hub, all examined hubs could be placed in one of the suggested categories without facing
any incompatibility issues concerning what was suggested by the typology.

Another interesting observation from the application of the proposed typology is
that although, according to it and based on the literature review that we have made, the
proximity to public transportation is not a necessity for a shared mobility hub located in
a suburban area, we saw that there are cases where the public transport connection plays
a pivotal role in suburban hubs because it incentivizes multi-modal trips. This can be
explained once again by the wide spectrum of contexts that the definition of “suburban”
can entail. A key takeaway and an idea for future research can therefore be to further
explore the category of suburban hubs. By taking a deeper look at this specific type of
hub that is very common in cities, new sub-categories for the typology dimensions may
emerge. For example, for a satellite city type of suburban hub, public transport is possibly
a necessity, while for a residential area type of suburban hub this does not appear to be
a break-or-make criterion.

Additional ideas for future research can include examining each one of the proposed
hub types and real life examples of them in detail, also under the perspective of services
that can add value to the users of the hub, such as restaurants etc., because as we saw in
Section 2 of the paper, they can be an important part of a shared mobility hub. Moreover, it
would be very interesting to investigate how the development of shared mobility hubs can
take place in cities where the dockless shared mobility services (such as e-scooters) are the
dominant mode of shared mobility, and if such situation would require adaptations to the
categories of our suggested typology (e.g., see the discussion about the current situation
with e-scooters in Lisbon in Section 5.5).

6. Conclusions

This paper contributes to the ongoing discussion of a very timely topic in Europe
and worldwide, which is the need for the deployment of a new generation of mobility
hubs, with an emphasis on shared mobility, to play an important role in the transition to
a more sustainable urban mobility system. After reviewing the existing academic as well
as non-academic literature on the topic, the lack of a common approach in defining what
exactly comprises a shared mobility hub and how to distinguish different types of hubs was
identified. Our work offers a review of existing definitions and suggests a new definition
encompassing the essence of a current and future shared mobility mode.

The paper also provided thorough insights into existing typologies that attempt to
classify different hub types and discusses the main components used in these classifications,
highlighting the main differences and similarities among various approaches worldwide.
Following that, a selection of which dimensions to be included in our proposed framework
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took place, and a simple and user-friendly typology framework in the form of a matrix,
with five different types of hubs, was proposed. The suggested approach aims to be more
flexible than the existing ones, as only the main dimension, the urban context, is fixed,
which means that, for instance, a city centre hub does not need to be of a specific size; it can
start small and evolve into a larger one, which in some cases could have been restrictive
at the stage of planning. As referred to previously, the selection of the dimensions and
categories under each dimension was made with a focus on the reality of European cities,
although the typology is not restricted to only fit the classification of hubs located in Europe.

We trust that the suggested typology can be useful to policy-makers, local authorities,
transport and urban planners, as it can help conduct a first screening of which type of hub
is needed for each specific case, according to the needs of the city, but also the strategies,
policies, and aspirations of the decision-makers. Deciding which type(s) of hub would be
best to build is an important step that needs to be completed before moving on to the next
step, which would entail dealing with the hub location problem, thus identifying the best
locations to place the shared mobility hubs in the city. This is typically a combinatorial
optimization problem that is already hard to solve for uni-modal situations (e.g., see [78,79]).

The research presented herein can open interesting pathways in assisting the decision-
making process of finding the most desirable locations to locate shared mobility hubs, as
before planning the development of hubs, understanding the need to have different types
is of critical importance. For instance, the proposed typology can be used in combination
with a decision support tool which uses spatial multi-criteria analysis to find desirable
locations for shared mobility hubs in a city.
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